The primary structure of two nodule specific soybean genes are presented. The two genes code for primary products of 20.0 (nodulin 20) and 22.7 (nodulin 22) kdaltons, respectively. Both genes are related to the nodulin 23 and 44 genes-Alignment of the deduced amino acid sequences of all four genes revealed three domains of high horoology interrupted by highly diverged regions due to numerous duplication and insertion events. The first conserved domain codes for a putative signal peptide, while the two others each contain four Cys residues that can be arranged in a way reminiscent of the metal binding domains present in some enzymes and in several DNA binding proteins.
INTRODUCTION
synthetase and sucrose synthetase • , but the functions of the majority of the nodulins are at present unknown. During the differentiation of nodules one of the major changes that occurs inside infected cells is the formation of a subcellular membrane compartment in which bacteria reside. The membrane enclosing the bacteroids, the peribacteroid membrane (pbm), originates from the plasma membrane of the host , but is modified during the progression of the symbiosis. The pbm serves an important function in infected cells. It is required not only as a structural barrier to segregate bacteroids from the host cytoplasm but also to transport substrates required by both the plant and the bacteroid for efficient nitrogen fixation. New polypeptides are integrated into the pbm and possibly have specific functional or structural roles in order to support the requirements of the symbiosis. Some of the nodulins may therefore be involved in pbm structure and function.
Recently it was found that nodulins 23 and 24 are pbm proteins < . It is shown here that the nodulin 23 gene from soybean is a member of a small family of genes which consists of at least four members. It is suggested that the gene products of this gene family are involved in pbm structure or function. The gene products contain putative metal binding domains and it is therefore further suggested that metal binding is important for their function.
MATERIALS AND METHODS
Screening of phage libraries. Using two related nodulespecific cDNAs as probes three genomic soybean DNA libraries were screened. These were a partial Alul/Haelll, a partial EcoRI and a partial Sau3A library. Phages from plaques corresponding to positive signals were purified and the DNA prepared according to Maniatis et. al.
Preparation of soybean DMA. Chromosomal soybean DNA was prepared from 4 day-old seedlings as previously described (Marcker et al. ll ).
Subcloninq into pBR322 and 328. Recovery of DNA fragments from agarose gels for subcloning was performed according to 1 2 Dretzen ^t a_l. . The procedures used for subcloning and plasmid preparation were according to Maniatis RNA preparation and hybridization. RNA preparation. Northern blotting and RNA hybridization were as described in Marcker et al/ * ** • DNA sequencing. DNA sequencing was performed by the dideoxy chain termination method (Sanger et a_l. ) . Appropriate restriction fragments were cloned into the Ml 3 phages Mp8, Mp9, Mpl8 or Mpl9.
Primer extension analysis. Suitable primers were synthesized and used for primer extension analysis according to Boel ct o_l. . The labelled pri!"" RNAs are major transcripts within the nodule. Subsequent Southern analysis of genomic soybean DNA revealed the presence of five hybridizing EcoRI fragments of 4.2, 4.5, 5.0, 7 and 12 kb, respectively (Fig.l) . Several clones were isolated from three different soybean genoraic libraries and further characterized by DNA sequence analysis using the Ml 3 dideoxy chain termination method. In this way two complete genes were characterized with the results shown in Figs 2 and 3. The positions of the cap sites were determined by primer extension analysis using appropriate labelled oligodeoxynucleotides as primers followed by Maxam Gilbert sequence analysis. Both genes are interrupted by an intron near the 3' non-translated end. The gene shown in Fig. 2 is contained within the 5.0 kb EcoRI fragment and corresponds to the 1.2 kb raRNA (cDNA clone N 12 ). while the gene shown in Fig.3 is contained within the 4.5 kb EcoRI fragment and corresponds to the 1 .0 kb mRNA (cDNA clone N 10/8 ). The gene corresponding to the 0.8 kb mRNA has not been isolated, but it must be rather homologous to the gene corresponding to the 1.0 kb mRNA, because coding sequences from the first exon of the latter gene cross-hybridize strongly to the 0.8 kb raRNA. However, the smaller mRNA does not cross-hybridize to sequences from the 3' noncoding end and the second exon suggesting a considerable sequence divergence in these regions between the two genes.
The gene corresponding to the 1.0 kb mRNA codes for a primary product of 20.0 kdaltons, while the gene corresponding to the 1.2 kb mRNA codes for a primary product of 22.7 kdaltons. In accordance with the nomenclature for plant specific nodule proteins the terms nodulin 20 and 22 are proposed for these primary products. However, it is not known whether the primary products are subject to posttranslational modifications in which case the apparent molecular weights would be different. Fig.4 . In all cases the first ATG is assumed to be the initiator codon.
Three conserved domains are present in all four proteins: The N-terminus of the protein sequences is conserved and is typical of a hydrophobic signal peptide. According to von Heijne the most likely cleavage site of the signal peptide sequence would be after the Ala residue indicated in Fig.4 . The two other domains are each centered around four Cys residues.
The sequences between the conserved domains are degenerate due to several deletion, insertion and duplication events. Thus the nodulin 22 gene contains a duplication after the puta- 
DISCUSSION
We have characterized a small nodule-specific soybean gene family. The conservation of the amino acid and DNA sequences despite numerous insertion/deletion events implies that the proteins encoded in this gene family evolved from a common ancestor.
The pbm is derived from the plasma membrane of the root cell and serves as the primary interface between the host and the endosymbiont. Some nodulins are integrated in the pbra to allow this membrane to meet the requirements imposed by symbiosis, and a mechanism must therefore exist, which allow specific targetting of these proteins into the pbm . Nodulin 23 is a pbm protein , while nodulin 44 is also located in the peribacteroid space . Since nodulins 23 and 44 are homologous to nodulins 20 and 22 it is tempting to suggest that these proteins also are present in the pbm or in the peribacteriod space. The presence of a conserved putative signal peptide in all these proteins suggests that this sequence may be responsible for targetting them to the pbm or into the peribacteroid space. Apart from the putative signal peptide, two other domains are highly conserved. These domains each contain four Cys residues that are arranged in pairs with the same motif Cys -7 amino acids -Cys. The domains share an internal homology indicating that the two conserved regions are the result of an ancient dunllrAtinn nf »n ol »ini»n*-mntninino four Cvs residues. The in- The conservation of these sequences in the 5' flanking regions of the nodulin and Lb genes might suggest that they are involved in the activation of the genes. However, the sequences consist of only 5-6 bases each, and the statistical significance of the occurrence of these sequences in such genes is therefore uncertain until their presence have been established in appropriate positions in other nodulin genes.
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